The association between Helicobacter pylori infection and tooth loss has been studied in Western countries; however, this relationship remains controversial. Although the prevalence of H. pylori infection is higher and atrophic gastritis is usually observed in patients with H. pylori infection in Japan unlike that in Western population, no study has examined the association between H. pylori infection and tooth loss. We examined 959 healthy adults who participated in a mass survey. We counted the number of residual teeth and measured both H. pylori stool antigen and serum anti-H. pylori antibodies. Serum pepsinogen levels were measured to determine the presence of atrophic gastritis. Multiple logistic regression analysis was performed after adjustments for age, body mass index (BMI), smoking and alcohol habits, and educational background. In men, H. pylori infection was a significantly reduced risk factor for loss of all the teeth even after adjustments for other factors (OR, 0.32; 95z CI, 0.12-0.81; P º 0.05). However, such an association was not found in women (0.91; 0.49-1.69). The calculated OR for the presence of atrophic gastritis among individuals with tooth loss was not significant in both men and women. H. pylori infection was associated with a decreased risk of tooth loss in healthy Japanese men.
INTRODUCTION
Helicobacter pylori infection induces chronic active gastritis and is closely associated with peptic ulcers and gastric cancer (1) . There are studies that have demonstrated an association between H. pylori infection and extra digestive diseases. Dental health is one such condition that has attracted interest. Earlier studies have identified H. pylori nucleotide sequences in dental plaque and saliva (2, 3) . Subsequently, several Western studies have described associations between H. pylori infection and periodontal diseases or oral hygiene (4, 5) . However, a recent study found no significant association between H. pylori infection and the number of residual teeth (6) .
Reflux of gastric acid is associated with the number of residual teeth. Tooth loss occurs due to dental caries, periodontitis, and dental erosion. Dental erosion is caused by a chemical process that is not associated with bacteria (7) . Acidic conditions in the oral cavity can cause decalcification of the enamel surface, which can further lead to the dissolution of the underlying layers. Reflux of gastric acid, a primary endogenous acid, can cause dental erosions (8) . Many reports from Western countries have shown an association between gastroesophageal reflux disease (GERD) and dental erosion (9, 10) .
Gastric acid secretion differs between Japanese and Western populations, particularly in middle-aged and elderly subjects. Western populations have a higher acid-secreting capacity and a lower prevalence of H. pylori infections. In Western countries, patients with H. pylori infections have antrum-predominant gastritis and glandular atrophy is uncommon even in elderly subjects. On the other hand, acid-secreting capacity is relatively low in Japanese populations, and the prevalence of H. pylori infection is higher particularly in people aged AE50 years (11) . In Japanese individuals with H. pylori infections, severe active gastritis is generally observed resulting in glandular atrophy of both the antral and corpus mucosa. Gastric acid secretion is significantly decreased in elderly Japanese individuals infected with H. pylori (12) . Furthermore almost all patients in Japan are infected with cagA-positive strains, which are negatively associated with GERD (13) . Based on these findings, the influence of H. pylori infection on dental erosion appears to be different between Japanese and Western populations.
To date, no study has examined the association of H. pylori infection with dental erosions or the number of residual teeth in Japanese populations. Therefore this study aimed to determine if there is an association between H. pylori infection and tooth loss in healthy Japanese adults. We also studied the influence of atrophic gastritis, which is associated with reduced gastric acid secretion, on the number of residual teeth.
MATERIALS AND METHODS
Subjects: Subjects included 959 healthy adults (age range 20-82 years; 362 men, 597 women) who participated in the Iwaki Health Promotion Project held during April 15-26, 2005 , in the Iwaki District of Hirosaki City, Aomori Prefecture, Japan. Subjects with a previous history of H. pylori eradication therapy or gastric surgery were excluded from the study. Subjects taking proton pump inhibitors and/or antibiotics prior to the health survey were also excluded. The subjects completed a survey on their education level, and smoking and drinking habits. The number of residual teeth was calculated during the initial medical examination. The study protocol was approved by the Hirosaki University Medical Ethics Committee, and written informed consent was obtained from all participants.
Measurement of pepsinogen (PG) and diagnosis of H. pylori infection: Serum samples were collected and stored at -209 C until assay. The serum levels of PG I and PG II were measured by radioimmunoassay. Patients were defined to have atrophic gastritis when the PG I level was º70 mg/L and PG I/II ratio was º3.0 (14) . Patients were defined to have severe atrophic gastritis when the level of PG I and PG I/II ratio were º50 mg/L and º2.0, respectively. The serum samples were also assayed for serum anti-H. pylori-IgG antibodies using the E-plate (Eiken Chemical Co., Ltd., Tokyo, Japan), and an antibody titer of 10 U/mL or greater was considered positive (15) . On the day of medical examination, stool samples were collected in the morning from each subject using a collection device and were stored at -809 C. The level of H. pylori antigen was assayed by the enzyme immunoassay using Testmate pylori antigen EIA (Wakamoto Pharmaceutical Co., Ltd., Kyowa Medex Co., Ltd., Tokyo, Japan) (16) . Subjects who tested positive in both tests were considered as infected with H. pylori, and those who tested negative in both tests were considered as uninfected. In subjects who were defined to have severe atrophy by serum PG levels, H. pylori infection was considered positive if at least 1 of the 2 tests showed positive results. Other subjects with inconsistent results for the 2 tests were excluded.
Statistical analysis: SPSS ver.12.0J (SPSS Inc., Chicago, Ill., USA) was used for data input and analysis. Men and women were analyzed separately. Subjects were classified according to the number of lost teeth into 3 groups; 32 (all teeth missing), 11-31, and Ã10. For post hoc analysis, a multiple comparison test was performed by the Tukey's method. Patient age and body mass index (BMI) were compared between groups using one-way ANOVA or the unpaired t-test, and smoking and drinking habits, and education level were compared using x 2 test. A P-value of º0.05 was considered significant. Multiple logistic regression analysis was performed with H. pylori infection or the presence of atrophic gastritis as the dependent variable. The independent variables were classified as follows: (i) smoking habit (2 categories: non-smoker and current smoker); (ii) drinking habit (2 categories: non-drinker and current drinker); (iii) highest education level (5 categories: middle school or less, high school, junior college/trade school, university, and other); and (iv) the number of lost teeth (3 categories: 32, 11-31, and Ã10). Adjusted odds ratio (OR) was calculated, and a P-value of º0.05 was considered significant.
RESULTS
H. pylori infection was defined positive in 53.9z of males and 52.6z of females among the subjects. Table 1 shows the characteristics of subjects according to the number of lost teeth. The average age was significantly higher in the group without teeth in both men and women. Among the female subjects, BMI was significantly lower in the subjects who had lost Ã10 teeth than that in the other groups. No significant difference in BMI was found among the male subjects. Significant differences were found in smoking among female subjects and in the education level among both male and female subjects. In addition, there was a significant difference in alcohol consumption among female subjects. Table 2 shows the results of multiple logistic regression analysis with age, BMI, smoking and drinking habits, education level, and the number of lost teeth as independent variables, and the presence or absence of H. pylori infection as a dependent variable. In male subjects, H. pylori infection was a significantly reduced risk factor for loss of all the teeth after adjustment for age (OR, 0.29; 95z CI, 0.12-0.72; P º 0.05). The significance was retained even after adjustments for age, BMI, smoking and drinking habits, and education level (OR, 0.32; 95z CI, 0.12-0.81; P º 0.05). In contrast, these associations were not found in female subjects. The OR was 0.91 (95z CI, 0.49-1.69) after adjustments for age, BMI, smoking and drinking habits, and education level.
The prevalence of atrophic gastritis was defined by serum PG levels of 43.6z in men and 41.9z in women. The number of subjects in each group is shown in Table 1 . The incidence of atrophic gastritis was more frequent in both men and women who lost AE11 teeth. The calculated OR for the presence of atrophic gastritis among individuals with tooth loss was not significant after adjustments for age, BMI, smoking and drinking habits, and education level ( Table 3 ). After further adjustment for H. pylori infection, the OR for the presence of atrophic gastritis among individuals who lost all teeth was 0.74 (95z CI, 0.25-2.16) in men and 1.81 (95z CI, 0.85-3.83) in women.
DISCUSSION
In the present study, healthy Japanese men with H. pylori infections had a significantly reduced risk for the loss of all teeth. The results of this study are not consistent with findings reported in some previous Western studies (5, 6) , in which subject age was more narrowly limited and the association was not significant after adjustment for socioeconomic status. In our study, we enrolled elderly adults who have high prevalence of atrophic gastritis. Furthermore, H. pylori infection was confirmed only by serological analysis in previous studies, whereas in this study, it was defined more precisely using both serological analysis and a stool antigen test. Differences in these methods and virulence of the H. pylori strain may be the contributing factors that account for the differences between our findings and those of previously published Western reports.
Smoking habit and education level, which was used as an indicator of socioeconomic status, were associated with tooth loss (17) (18) (19) (20) . In fact, in the present study, both smoking habit and education level differed among groups with different number of residual teeth. H.
pylori infection was a significant risk factor for the decrease of tooth loss even after adjustments for smoking habits and highest education level. Pearce et al. also described that socioeconomic status is associated with both tooth loss and H. pylori seropositivity (21) . Thus, people living in poor hygienic conditions are considered to be infected with H. pylori more frequently and lose more teeth. However, this study was conducted in an agricultural area of northern Japan and the hygienic conditions of most subjects were relatively the same. Gastric acid secretion is an important factor contributing to dental erosions. In fact, in previous Western studies, peptic ulcers were more frequent in patients with lower number of residual teeth, suggesting that the number of teeth is reduced in patients with higher acid secreting capacity although H. pylori infections did not reduce tooth loss (5, 6) . In Japanese patients with H. pylori infection, atrophic gastritis is observed in AE70z of subjects aged AE50 years (11) . In such patients, acidsecreting capacity can be reduced. In our study, however, the presence of atrophic gastritis, defined by serum PG levels, was not significantly associated with reduced risk for tooth loss. One limitation of the present study was the diagnosis of H. pylori infection. In patients with severe atrophic gastritis, H. pylori infection often disappears, or bacterial colonization significantly reduces. In such patients, the number of residual teeth could be higher although H. pylori infection would be defined as negative by both serological and stool antigen test. Another limitation was the definition of the subjects with reduced acid secretion. We measured serum PG levels to indicate the presence of atrophic gastritis but not the actual acid secretion. Because this study was based on a health survey, it was difficult to measure gastroesophageal or oropharyngeal pH in individual subjects.
In the present study, H. pylori infection was not a significant factor for the number of residual teeth in female subjects unlike that in male subjects. Fluctuations in female hormones due to pregnancy or menopause affect the periodontopathic bacterial flora, oral vascular system, and saliva volume and viscosity (22, 23) . In addition, during pregnancy, poor oral hygiene associated with frequent vomiting may cause dental erosions and periodontitis (23) . Furthermore, there is an association between postmenopausal loss of bone density and tooth loss (24) . These female-specific factors could be more relevant than H. pylori infection for tooth loss in Japanese female subjects.
In conclusions, H. pylori infection was associated with a decreased risk of tooth loss in Japanese men unlike that reported in previous Western studies. The presence of virulence factors in H. pylori strains and the development of atrophic gastritis in subjects with H. pylori infections may play roles in the difference between Japanese and Western populations. However further studies are required to determine whether decreased gastric acid secretion is actually associated with the reduced risk of tooth loss.
